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(57) Abstract: 



PROBLEM TO BE SOLVED: To provide a ceramic heater 
in which temperature is uniformly distributed on a 
heating surface by minimizing a thickness dispersion of 
a resistance heating element embedded in a ceramic 
body. 

SOLUTION: A green sheet for a resistance heating 
element is produced by a tape forming method by adding 
solvent and binder to metal with a high fusing point, 
its alloy or conductive ceramics powder and kneading 
them, and after forming a green sheet laminated body by 
inserting a piece blanked out to a designated heating 
pattern by a die between the green sheets to compose a 
ceramic body, it is degreased, and is then baked. A 
heating pattern in which a difference between the 
maximum value and the minimum value of a thickness (t) 
of each heating element 4 in a cutting plane cut by at 
least two line segments passing through an almost center 
point in a heating pattern region composed by a band 
shaped resistance heater element 4 is not more than 10% 
of an average thickness value of the resistance heating 
element 4 in all cutting planes, is embedded in a flat 
ceramic body 2 in order to compose a ceramic heater 1. 
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(54) CERAMIC HEATER AND ITS MANUFACTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ceramic 
heater in which temperature is uniformly distributed on a 



heating surface by minimizing a thickness dispersion of a 
resistance heating element embedded in a ceramic 
body. 

SOLUTION: A green sheet for a resistance heating 




element is produced by a tape forming method by adding * 
solvent and binder to metal with a high fusing point, its 
alloy or conductive ceramics powder and kneading them, 
and after forming a green sheet laminated body by 
inserting a piece blanked out to a designated heating 
pattern by a die between the green sheets to compose a 
ceramic body, it is degreased, and is then baked. A 
heating pattern in which a difference between the 
maximum value and the minimum value of a thickness (t) of each heating element 4 in a 
cutting plane cut by at least two line segments passing through an almost center point in a 
heating pattern region composed by a band shaped resistance heater element 4 is not more 
than 10% of an average thickness value of the resistance heating element 4 in all cutting 
planes, is embedded in a flat ceramic body 2 in order to compose a ceramic heater 1 . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the exoergic pattern whose difference of the maximum of the thickness of each resistance 
heating element which appears in the cutting plane cut by at least two segments of the exoergic pattern 
space constituted with a band-like resistance heating element which pass along the central point mostly, 
and the minimum value is less than 10% which appears in all cutting planes of the average of resistance 
heating element thickness - a plate-like ceramic - the ceramic heater which it comes to lay under the 
inside of the body 

[Claim 2] The ceramic heater according to claim 1 whose above-mentioned ceramic objects are the 
nature ceramics of alumimium nitride. 

[Claim 3] The manufacture method of a ceramic heater characterized by providing the following. The 
process which manufactures the ceramic green sheet of two or more sheets which constitutes a ceramic 
object. The process which carries out addition kneading of a solvent and the binder at the powder of 
refractory metals, those alloys, or conductive ceramics, and manufactures the green sheet for resistance 
heating elements by the tape-forming method. The process which carries out the laminating of the green 
sheet for these resistance heating elements to at least one sheet of the above-mentioned ceramic green 
sheet, and is pierced to a predetermined exoergic pattern with metal mold. The process which carries out 
the laminating of the remaining ceramic green sheet, and forms a green-sheet layered product so that the 
green sheet for resistance heating elements pierced to this predetermined exoergic pattern may be 
covered, and the process which degreases this green-sheet layered product and is calcinated the 
appropriate back. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] (a) is the perspective diagram showing the example which used the ceramic heater of this 
invention as a heater for heating used by the manufacturing process of a semiconductor device, and (b) 
is the X-X line cross section of (a). 

[Drawing 2] (a) is the ** type view showing the exoergic pattern of the resistance heating element 
currently laid underground in the ceramic heater of drawing 1 , and (b) is the ** type view showing 
other exoergic patterns. 

[Drawing 3] It is the perspective diagram showing the state where the ceramic heater of drawing 1 was 
cut. 

[Drawing 4] (a) - (f) is drawing showing the manufacturing process of the ceramic heater of drawing 1 . 
[Drawing 5] It is drawing showing the thermometry point in an exoergic side. 
[Description of Notations] 

1 ... Ceramic heater 2 ... Ceramic object 3 ... Exoergic side 

4 ... Resistance heating element 4a ... Circular resistance heating element 

4b ... Circular resistance heating element 5 ... Electric supply terminal S ... Exoergic pattern 

W ... Semiconductor wafer 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It is a thing about the ceramic heater which has the 
exoergic pattern constituted by the inside of the body with a band-like resistance heating element, this 
invention - a ceramic For example, it is what is used as the heater for ignition of various burning 
appliances, and a heater for heating of various heating devices or measuring equipment. It is suitable as 
a heater for heating for heating the semiconductor wafer especially used for etching systems, such as 
membrane formation equipments, such as plasma CVD in the manufacturing process of a semiconductor 
device, reduced pressure CVD, and Light CVD and PVD, and plasma etching, optical etching. 
[0002] 

[Description of the Prior Art] as the former and a ceramic heater — ceramics, such as alumina ceramics 
and nature ceramics of a silicon nitride, — that which laid under the inside of the body the resistance 
heating element which consists of conductive ceramics, such as refractory metals, such as a tungsten 
(W) and molybdenum (Mo), and TiN, is known, and, generally these ceramic heaters are widely used 
from excelling in thermal resistance, electric insulation, corrosion resistance, and abrasion resistance 
[0003] Moreover, the ceramic heater using the nature ceramics of alumimium nitride as for [ special ] 
uses is also proposed in recent years. 

[0004] For example, the semiconductor wafer which is a heated object in etching systems, such as 
membrane formation equipments used by the manufacturing process of a semiconductor device, such as 
plasma CVD, reduced pressure CVD, and Light CVD and PVD, and plasma etching, optical etching, (a 
wafer is called hereafter.) 

[0005] While having the plasma-proof nature excellent in the bottom of the fluorine system for which 
the above-mentioned ceramic heater is used as a heater for heating for heating to various processing 
temperature, and the inside of it is also used by membrane formation equipment or the etching system, 
or the halogen system corrosive gas 0 f ********, supporting, the thing using the nature ceramics of 
alumimium nitride equipped with the high temperature conduction property attracts attention. 
[0006] As a method of manufacturing such a ceramic heater First, while preparing the ceramic green 
sheet of two or more sheets which constitutes a ceramic object A paste is manufactured, a ceramic ~ as 
the resistance heating element laid under the inside of the body — the powder of a refractory metal or 
conductive ceramics — a solvent and a binder — respectively - addition kneading — carrying out - the 
conductor for resistance heating elements - It lays to one sheet of the aforementioned ceramic green 
sheet by technique, such as screen printing, this conductor - a paste so that it may become a 
predetermined exoergic pattern this conductor - a paste - a wrap, after carrying out the laminating of 
the remaining ceramic green sheet like and forming a green-sheet layered product Degrease and the 
ceramic object which comes to lay underground the exoergic pattern which consists of a band-like 
resistance heating element by next calcinating at predetermined temperature is manufactured. There 
were some which manufactured the ceramic heater by exposing some above-mentioned exoergic 
patterns the appropriate back, using low material there, and joining an electric supply terminal (refer to 
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JP,8-34123,B). 
[0007] 

[Problem(s) to be Solved by the Invention] However, the following technical problems occurred in such 
a conventional process. 

[0008] a conductor -- it was difficult for a limitation to be to suppress thickness dispersion of the 
resistance heating element which constitutes an exoergic pattern from a method of manufacturing a paste 
and laying an exoergic pattern with screen printing, and to make further the temperature distribution in 
the exoergic side of a ceramic heater into homogeneity by this thickness dispersion 
[0009] namely, a conductor, in order to lay an exoergic pattern with screen printing using a paste the 
ceramic green- sheet top of one sheet which constitutes a ceramic object — path clearance - preparing ~ 
a screen — installing — the conductor for resistance heating elements in this screen top — extending a 
paste by the squeegee -- a conductor, although a paste is printed by the predetermined exoergic pattern a 
conductor » a screen bending, since a pressure is put on a squeegee and a screen top is made to scan, in 
case a paste is extended, and this amount of deflections, since the center section more distant from the 
frame which supports a screen becomes large the conductor printed near the center of an exoergic 
pattern -- the thickness of a paste — thin -- becoming - a periphery - a conductor ~ it was difficult for 
there to be dispersion as the thickness of a paste becomes thick, and to suppress this thickness dispersion 
to 3 micrometers or less and — that the pressure put on a squeegee is uneven ****-- a conductor — when 
the viscosity of a paste differed partially, there was also a possibility that the thickness of a resistance 
heating element might vary locally 

[0010] moreover, a conductor — since viscosity was small, it was easy to deform a paste also according 
to the press force at the time of formation of a green-sheet layered product plastically, and it also had the 
technical problem that it was easy to produce thickness dispersion of a resistance heating element 
[001 1] And it is remarkable as a ceramic heater enlarges such a trouble, and in the heater for heating 
especially used by the manufacturing process of a semiconductor device, soaking-ization of an exoergic 
side was becoming difficult with enlargement of a semiconductor wafer by the ceramic heater in which 
the large-sized ceramic heater 8 inches or more is demanded, and the diameter formed the exoergic 
pattern with screen printing. 
[0012] 

[Means for Solving the Problem] then, the exoergic pattern whose difference of the maximum of the 
thickness of each resistance heating element and the minimum value in the cutting plane which cut this 
invention in view of the above-mentioned technical problem by at least two segments of the exoergic 
pattern space constituted with a band-like resistance heating element which pass along the central point 
mostly is less than 10% of the average of the resistance heating element thickness in all cutting planes - 
a plate-like ceramic - it lays under the inside of the body, and a ceramic heater is constituted 
[0013] If the above-mentioned ceramic object is especially formed with the nature ceramics of 
alumimium nitride, the temperature distribution in the exoergic side of a ceramic heater can be made 
more into homogeneity, and it is suitable. 

[0014] Moreover, the process which manufactures the ceramic green sheet of two or more sheets from 
which this invention constitutes a ceramic object, The process which carries out addition kneading of a 
solvent and the binder at the powder of refractory metals, those alloys, or conductive ceramics, and 
manufactures the green sheet for resistance heating elements by the tape-forming method, The process 
pierced to a predetermined exoergic pattern with metal mold after carrying out the laminating of the 
green sheet for these resistance heating elements to at least one sheet of the above-mentioned ceramic 
green sheet, The process which carries out the laminating of the remaining ceramic green sheet, and 
forms a green-sheet layered product so that the green sheet for resistance heating elements pierced to 
this predetermined exoergic pattern may be covered, This green-sheet layered product is degreased and a 
ceramic heater is manufactured from the process calcinated the appropriate back. 
[0015] namely, - according to the ceramic heater of this invention - a ceramic - since it is made so 
small that thickness dispersion of the band-like resistance heating element which constitutes exoergic 
Pan in the living body cannot be acquired with the conventional screen printing, if a ceramic heater is 
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made to generate heat, the temperature distribution of an exoergic side can be made very uniform 
[0016] In order to obtain a ceramic heater with little such exoergic nonuniformity moreover, in this 
invention The green sheet for resistance heating elements which is hard to deform from a paste 
plastically is manufactured, a tape-forming method — a conductor — Put what was pierced to the 
predetermined exoergic pattern with metal mold between the ceramic green sheets which constitute a 
ceramic object, and a green-sheet layered product is manufactured, the state where there is almost no 
thickness dispersion in the band-like resistance heating element which constitutes an exoergic pattern 
from degreasing and calcinating this and having manufactured it also in a large-sized ceramic heater - a 
ceramic — it can lay under the inside of the body 
[0017] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained. 
[0018] Drawing 1 (a) is the perspective diagram showing the example which used the ceramic heater of 
this invention as a heater for heating used by the manufacturing process of a semiconductor device, and 
(b) is the X-X line cross section of (a). 

[0019] This ceramic heater 1 is made into the exoergic side 3 for support of the semiconductor wafer W 
and heating of one principal plane of the above-mentioned ceramic object 2, and has joined the electric 
supply terminal 5 for energizing to the resistance heating element 4 to the principal plane of another side 
of the ceramic object 2 while it lays the band-like resistance heating element 4 underground into the 
plate-like ceramic object 2 with which the flat-surface configuration carried out the round shape. 
[0020] And the semiconductor wafer W supported on the exoergic side 3 is directly heated by laying the 
semiconductor wafer W in the exoergic side 3, impressing alternating voltage to the resistance heating 
element 4, and making a ceramic heater 1 generate heat. 

[0021] In addition, although drawing 1 showed the example of the ceramic heater 1 to which the flat- 
surface configuration carried out the round shape, a flat-surface configuration may carry out what 
configurations, such as what carried out polygons, such as an ellipse form or a square, and a pentagon, 
addition to this. 

[0022] As the quality of the material which constitutes such a ceramic object 2, alumina ceramics, the 
nature ceramics of a silicon nitride, the nature ceramics of alumimium nitride, the nature ceramics of a 
boron carbide, etc. can be used. Since the inside of these or the nature ceramics of alumimium nitride 
has thermal conductivity very high also in ceramics while having the plasma-proof nature which was 
excellent under the halogen system corrosive gas used by membrane formation equipment or the etching 
system, they can be suitably used as a ceramic object 2. Especially the nature ceramics of high grade 
alumimium nitride whose purity is 99.8% or more Since there is almost no grain boundary into a 
sintered compact and it excels in plasma-proof nature, when a corrosive wear is intense, are the optimal. 
Moreover, Y2 03 With the nature ceramics of alumimium nitride contained in 1 - 9% of the weight of 
the range, rare earth oxides, such as Er Since thermal conductivity has 150 or more W/mk in 100 or 
more W/mk and a high thing and has 200 or more W/mk in a still higher thing, while being able to raise 
further soaking-ization of the semiconductor wafer W laid in the exoergic side 4 Time and a cooldown 
delay until it heats to processing temperature can be shortened. 

[0023] moreover - as the quality of the material of the resistance heating element 4 laid underground 
into these ceramic objects 2 - the [, such as a tungsten (W) and molybdenum (Mo), / periodic-table ] - 
the [, such as 6a group and Ti, / periodic-table ] - 4a group's refractory metals, or these alloys - 
conductive ceramics, such as WC, MoC, and TiN, can be used further Even if it makes high temperature 
generate heat, they are not disconnected, while they can prevent the curvature of the ceramic object 2 
and breakage at the time of manufacture and generation of heat, since these metals, an alloy, and 
conductive ceramics have a coefficient of thermal expansion of the same grade as the ceramics which 
constitute the above-mentioned ceramic object 2. 

[0024] furthermore, as an electric supply terminal 5 for energizing to the resistance heating element 4 in 
the above-mentioned ceramic object 2 Metals, such as a tungsten (W), molybdenum (Mo), and nickel 
(nickel), and an iron (Fe)-cobalt (Co)-nickel (nickel) alloy can be used. When especially oxidation 
resistance is required, it is good to use nickel (nickel) or an iron (Fe)-cobalt (Co)-nickel (nickel) alloy. 
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[0025] by the way, as an exoergic pattern of the resistance heating element 4 laid underground into the 
above-mentioned ceramic object 2 Circular resistance heating element 4a arranged so that a concentric 
circle as shown in drawing 2 (a) may be constituted, in order to heat the circular exoergic side 3 
uniformly, It consists of a straight-line-like resistance heating element 4 which connects ****** radii- 
like resistance heating element 4a, and two edges of circular resistance heating element 4a prolonged in 
a core are set to electrode takeoff-connection 4c. Since right and left can be mostly made into the shape 
of isomorphism even if it cuts in such an exoergic pattern S, then which portion passing through a 
center, the homogeneity of the temperature distribution of the exoergic side 3 can be carried out. 
[0026] In addition, what is necessary is not to be limited only to what was shown in drawing 2 (a) as a 
configuration of the exoergic pattern S, and just to design suitably according to the structure of the 
ceramic object 2, or the configuration of the exoergic side 3. However, when the exoergic side 3 carries 
out a round shape like the ceramic heater 1 of drawing 1 , what has a pattern configuration as shown in 
drawing 2 (b) which has the exoergic pattern S shown in drawing 2 (a) and electrode takeoff-connection 
4c in the outermost periphery is desirable. 

[0027] And according to the ceramic heater 1 of this invention, it is characterized by the difference of 
the maximum of the thickness of each resistance heating element 4 and the minimum value in the 
cutting plane cut by at least two segments of the above-mentioned exoergic pattern space which pass 
along the central point mostly being less than 10% of the average of the resistance heating element 4 
thickness in all cutting planes. 

[0028] The difference of the maximum of the thickness of each resistance heating element 4 and the 
minimum value in the cutting plane cut by at least two segments of an exoergic pattern space which pass 
along the central point mostly here that it is less than 10% of the average of the resistance heating 
element 4 thickness in all cutting planes For example, while four segments passing through the center of 
an exoergic pattern space cut the ceramic object 2 to eight division into equal parts at intervals of 45 
degrees as shown in drawing 3 , and measuring thickness t of each resistance heating element 4 which 
appears in these cutting planes and calculating the maximum and minimum value The average of 
thickness t of the resistance heating element 4 which appears in all cutting planes is computed. In 
addition, on the occasion of measurement of thickness t, the thickest portion is computed as thickness 
[ of the resistance heating element 4 ] t in each resistance heating element 4. And it says that the 
difference of the maximum of thickness t of each resistance heating element 4 and the minimum value in 
a cutting plane has become less than 10% of the average of thickness t of the resistance heating element 
4 in all cutting planes. 

[0029] thus, from a very small thing, thickness dispersion of the band-like resistance heating element 4 
which constitutes the exoergic pattern S from this invention Thickness dispersion of the band-like 
resistance heating element 4 which constitutes the exoergic pattern S even when the temperature 
distribution of the exoergic side 4 can be made uniform and it produces exoergic nonuniformity from the 
problem on structure locally by ****** etc. from a very small thing Resistance can be easily adjusted 
only by changing the width of face of the resistance heating element 4 in a part with exoergic 
nonuniformity, and the exoergic nonuniformity of the exoergic side 3 can be controlled easily. 
[0030] By the way, first, in order to manufacture such a ceramic heater 1, as shown in drawing 4 (a), the 
ceramic green sheets 2a and 2b of two or more sheets and ... which constitute the aforementioned 
ceramic object 2 are formed. What is necessary is just to fabricate by tape- forming methods, such as a 
doctor blade method, the Czochralski method, a calender, the paper casting method, the paper casting 
method, and the roll compaction method, after carrying out addition kneading of a solvent and the 
and producing a slurry, while the ceramic green sheets 2a and 2b and ... add a predetermined assistant 
component if needed to the aforementioned ceramic powder. 

[0031] On the other hand, as shown in drawing 4 (b), the resistance heating element 4 carries out 
addition kneading of a solvent and the binder to the powder of the aforementioned metal, an alloy, and 
conductive ceramics, produces a slurry, and forms green-sheet 4 1 for resistance heating element 4 with 
uniform thickness width of face for this slurry using tape-forming methods, such as a doctor blade 
method, the Czochralski method, a calender, the paper casting method, the paper casting method, and 
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the roll compaction method. In addition, what is necessary is to accustom thickness and just to attain 
equalization by passing between the rolls which have a uniform predetermined gap, when green-sheet 4 ! 
is fabricated by the describing [ above ] tape-forming method and equalization of thickness cannot be 
attained, or when the thickness width of face t is too thick. 

[0032] And the laminating of green-sheet 4' for resistance heating element 4 obtained as shown in 
drawing 4 (c) is carried out on [ of one sheet ] ceramic green-sheet 2h among the ceramic green sheets 
2a and 2b of two or more above-mentioned sheets, and ... In addition, what is necessary is just to carry 
out the laminating of green-sheet 4' for resistance heating element 4 to other ceramic green sheets, in 
laying the exoergic pattern S underground more than two-layer. 

[0033] Next, as shown in drawing 4 (d), after piercing green-sheet 4' for resistance heating element 4 
which carried out the laminating on ceramic green-sheet 2h with the exoergic pattern S of drawing 2 (a), 
and the metal mold which has isomorphism-like heights, the laminating of the remaining ceramic green 
sheets 2a and 2b and ... is carried out, and the green-sheet layered product 8 is manufactured so that the 
above-mentioned exoergic pattern S may be covered, as shown in drawing 4 (e). 
[0034] After performing cutting to the green-sheet layered product 8 and making a flat-surface 
configuration circular the appropriate back, this green-sheet layered product 8 is degreased, and the 
ceramic object 2 which lays the exoergic pattern S underground and becomes as shown in drawing 4 (f) 
is formed by calcinating at the temperature which can subsequently make various ceramic raw materials 
sinter. 

[0035] And while giving polish processing to one principal plane of the above-mentioned ceramic object 
2, setting the field granularity to 1 micrometer or less by (Ra) in center line average coarseness and 
forming the exoergic side 3 Electrode takeoff-connection 4c of the resistance heating element 4 and a 
hole open for free passage can be drilled in the principal plane of another side of the ceramic object 2, 
and it can have the electric supply terminal 5 in this hole by low material, and can join to it, and the 
ceramic heater 1 of drawing 1 can be obtained by connecting electrically the resistance heating element 
4 and the electric supply terminal 5, respectively. 

[0036] In this way, since thickness dispersion of the resistance heating element 4 which constitutes the 
exoergic pattern S is very small according to the ceramic heater 1 of this invention, if a ceramic heater 1 
is made to generate heat If it can be made to generate heat uniformly and this ceramic heater 1 is used as 
a heater for heating used for membrane formation equipment and the etching system in a manufacturing 
process of a semiconductor device, without producing the exoergic nonuniformity of the exoergic side 3 
Since the semiconductor wafer supported to the exoergic side 3 can be made to generate heat uniformly, 
while being able to form a thin film with uniform thickness width of face or being able to perform micro 
processing to a predetermined precision Since it has covered with the ceramics the resistance heating 
element 4 excelled [ ceramics ] in plasma-proof nature though plasma **(ed) under the halogen system 
corrosive gas, it can be used over a long period of time. 

[0037] In addition, although this operation form explained with the example of the heater for heating 
used for membrane formation equipment and the etching system in a manufacturing process of a 
semiconductor device, the ceramic heater of this invention cannot be overemphasized by that it can use 
for others suitably also as a heater used in various fields, such as heaters for heating, such as a heater for 
ignition of a burning appliance, and a heating device, measuring equipment. 

[0038] (Example 1) The ceramic heater 1 of this invention as shown in drawing 1 , and the conventional 
ceramic heater were prepared, and the experiment which compares thickness dispersion of the resistance 
heating element 4 with the temperature distribution of the exoergic side 3 was conducted. 
[0039] In this experiment, while forming the ceramic object 2 with the nature ceramics of alumimium 
nitride of 99.9% of purity, the tungsten was used for the resistance heating element 4. Moreover, the 
target size of the resistance heating element 4 which constitutes the exoergic pattern S was made into 
thickness tlSmicrometer and width of face of 5mm. 

[0040] Specifically, addition kneading of a solvent and the binder was carried out to the A1N powder of 
99.9% of purity, the slurry was produced, and two or more ceramic green sheets of two or more sheets 
were formed in the doctor blade method. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 10/28/02 



Page 6 of 8 



[0041] A paste is manufactured, and the former - elegance - the powder of a tungsten — receiving — the 
solvent of a terpineol, and an acrylic binder — addition kneading — carrying out — the conductor for 
resistance heating element 4 — Carry out a laminating to one sheet of the aforementioned ceramic green 
sheet with screen printing like the exoergic pattern S which shows a paste to drawing 2 , and a green- 
sheet layered product is formed, this conductor — To the powder of a tungsten, carry out toluene at a 
solvent, it carries out addition kneading of the polyacrylic-acid ethyl at a binder, respectively, and 
****** produces a slurry. After carrying out the laminating of what formed the green sheet for 
resistance heating element 4 in the doctor blade method to one sheet of a ceramic green sheet, What was 
pierced with metal mold so that it might become the exoergic pattern S shown in drawing 2 was covered 
by the remaining ceramic green sheet, and the green-sheet layered product was formed. 
[0042] And these green-sheet layered products are degreased in nitrogen atmosphere. Subsequently, 
while forming the ceramic object 2 which laid the exoergic pattern S underground by calcinating at the 
temperature of about 2010 degrees C, giving polish processing to one principal plane of this ceramic 
object 2 and forming the exoergic side 3 Two holes which are open for free passage to the resistance 
heating element 3 with a drill were drilled in the principal plane of another side, and each ceramic heater 
1 was manufactured by carrying out low attachment fixation of the electric supply terminal 5 which 
becomes these holes from an iron-cobalt-nickel alloy. 

[0043] And impressed the frequency of 60Hz, and the alternating voltage of 100V to each obtained 
ceramic heater 1, the setting temperature of 500 degrees C was made to generate heat, and the skin 
temperature of the exoergic side 3 was measured by the thermostat viewer. The thermometry point was 
made into the point of a-s shown in drawing 5 . In addition, the thermometry point checked the exoergic 
pattern space with the X-ray, and performed it. 

[0044] Next, after measuring temperature, four segments (it passes along the measurement point) 
passing through the center of an exoergic pattern space cut each ceramic heater, and thickness dispersion 
of the resistance heating element 4 was measured by measuring thickness t of each resistance heating 
element 4 which appears in the cutting plane. 



0045] Each result is as being shown in Table 1. 
: 0046] 
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[0047] Consequently, in elegance, it turns out conventionally that remarkable dispersion has the 
difference of the maximum of thickness t of each resistance heating element 4 which appears in a cutting 
plane, and the minimum value in thickness t of 34% and the resistance heating element 4 to the average 
of thickness t of the total -resistance heating element 4. For the reason, 37 degrees C and exoergic 
nonuniforms ty had the large difference of the maximum and the minimum value in the exoergic side 3. 
[0048] On the other hand, it turns out that, as for this invention article, the difference of the maximum of 
thickness t of each resistance heating element 4 which appears in a cutting plane, and the minimum 
value can reduce sharply thickness dispersion of 1% and the resistance heating element 4 to the average 
of thickness t of the total -resistance heating element 3. For the reason, the difference of the maximum 
and the minimum value in the exoergic side 3 was able to hold down exoergic nonuniformity to 7 
degrees C and 20% or less of the comparison article, and was able to raise the temperature distribution 
of the exoergic side 3 sharply. 

[0049] (Example 2) In the ceramic heater 1 of this invention, thickness dispersion of the resistance 
heating element 4 was made to change intentionally, and the experiment investigated on the same 
conditions as an example 1 about the relation between thickness dispersion of the resistance heating 
element 4 and the temperature distribution of the exoergic side 3 was conducted there. 
[0050] And since to make the difference of the maximum temperature and the minimum temperature 
into 20 degrees C or less as temperature dispersion of the exoergic side 3 in recent years was desired, the 
case of 20 degrees C or less was evaluated as generation of heat being good. 
[0051] Each result is as being shown in Table 2. 



[0052] 
Table 21 
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[0053] Consequently, it turns out that temperature dispersion of 10% or less, then the exoergic side 3 is 
made by the difference of the maximum of thickness t of each resistance heating element 4 which 
appears in a cutting plane, and the minimum value with 20 degrees C or less to the average of thickness t 
of the total-resistance heating element 3. 
[0054] 

[Effect of the Invention] As mentioned above, according to this invention, carry out addition kneading 
of a solvent and the binder at the powder of refractory metals, those alloys, or conductive ceramics, and 
the green sheet for resistance heating elements is manufactured by the tape-forming method. By 
degreasing, after putting what was pierced to the predetermined exoergic pattern with metal mold 
between the ceramic green sheets which constitute a ceramic object and forming a green-sheet layered 
product, and subsequently calcinating The difference of the maximum of thickness t of each resistance 
heating element 4 and the minimum value in the cutting plane cut by at least two segments of the 
exoergic pattern space constituted with a band-like resistance heating element which pass along the 
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central point mostly From having laid underground the exoergic pattern which is less than 10% of the 
average of the resistance heating element 4 thickness in all cutting planes into the plate-like ceramic 
object 2, and having constituted the ceramic heater Since thickness dispersion of the resistance heating 
element which constitutes an exoergic pattern can be made very small, the temperature distribution of an 
exoergic side can be made uniform. Though plasma will ** under halogen system corrosive gases, such 
as a fluorine system and a chlorine system, since the resistance heating element is covered by ceramics 
excellent in corrosion resistance while being able to perform uniform membrane formation and uniform 
micro processing to a heated object if the ceramic heater of this invention is used as a heater for heating 
used by membrane formation equipment, the etching system, etc. for the reason, it does not wear out 
greatly, and it can use over a long period of time. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] then, the exoergic pattern whose difference of the maximum of the 
thickness of each resistance heating element and the minimum value in the cutting plane which cut this 
invention in view of the above-mentioned technical problem by at least two segments of the exoergic 
pattern space constituted with a band-like resistance heating element which pass along the central point 
mostly is less than 10% of the average of the resistance heating element thickness in all cutting planes — 
a plate-like ceramic - it lays under the inside of the body, and a ceramic heater is constituted 
[0013] If the above-mentioned ceramic object is especially formed with the nature ceramics of 
alumimium nitride, the temperature distribution in the exoergic side of a ceramic heater can be made 
more into homogeneity, and it is suitable. 

[0014] Moreover, the process which manufactures the ceramic green sheet of two or more sheets from 
which this invention constitutes a ceramic object, The process which carries out addition kneading of a 
solvent and the binder at the powder of refractory metals, those alloys, or conductive ceramics, and 
manufactures the green sheet for resistance heating elements by the tape-forming method, The process 
pierced to a predetermined exoergic pattern with metal mold after carrying out the laminating of the 
green sheet for these resistance heating elements to at least one sheet of the above-mentioned ceramic 
green sheet, The process which carries out the laminating of the remaining ceramic green sheet, and 
forms a green-sheet layered product so that the green sheet for resistance heating elements pierced to 
this predetermined exoergic pattern may be covered, This green-sheet layered product is degreased and a 
ceramic heater is manufactured from the process calcinated the appropriate back. 
[0015] namely, ~ according to the ceramic heater of this invention ~ a ceramic — since it is made so 
small that thickness dispersion of the band-like resistance heating element which constitutes exoergic 
Pan in the living body cannot be acquired with the conventional screen printing, if a ceramic heater is 
made to generate heat, the temperature distribution of an exoergic side can be made very uniform 
[0016] In order to obtain a ceramic heater with little such exoergic nonuniformity moreover, in this 
invention The green sheet for resistance heating elements which is hard to deform from a paste 
plastically is manufactured, a tape-forming method — a conductor ~ Put what was pierced to the 
predetermined exoergic pattern with metal mold between the ceramic green sheets which constitute a 
ceramic object, and a green-sheet layered product is manufactured, the state where there is almost no 
thickness dispersion in the band-like resistance heating element which constitutes an exoergic pattern 
from degreasing and calcinating this and having manufactured it also in a large-sized ceramic heater - a 
ceramic ~ it can lay under the inside of the body 
[0017] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained. 
[0018] Drawing 1 (a) is the perspective diagram showing the example which used the ceramic heater of 
this invention as a heater for heating used by the manufacturing process of a semiconductor device, and 
(b) is the X-X line cross section of (a). 

[0019] This ceramic heater 1 is made into the exoergic side 3 for support of the semiconductor wafer W 
and heating of one principal plane of the above-mentioned ceramic object 2, and has joined the electric 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 10/28/02 



Page 2 of 6 



supply terminal 5 for energizing to the resistance heating element 4 to the principal plane of another side 
of the ceramic object 2 while it lays the band-like resistance heating element 4 underground into the 
plate-like ceramic object 2 with which the flat-surface configuration carried out the round shape. 
[0020] And the semiconductor wafer W supported on the exoergic side 3 is directly heated by laying the 
semiconductor wafer W in the exoergic side 3, impressing alternating voltage to the resistance heating 
element 4, and making a ceramic heater 1 generate heat. 

[0021] In addition, although drawing 1 showed the example of the ceramic heater 1 to which the flat- 
surface configuration carried out the round shape, a flat-surface configuration may carry out what 
configurations, such as what carried out polygons, such as an ellipse form or a square, and a pentagon, 
addition to this. 

[0022] As the quality of the material which constitutes such a ceramic object 2, alumina ceramics, the 
nature ceramics of a silicon nitride, the nature ceramics of alumimium nitride, the nature ceramics of a 
boron carbide, etc. can be used. Since the inside of these or the nature ceramics of alumimium nitride 
has thermal conductivity very high also in ceramics while having the plasma-proof nature which was 
excellent under the halogen system corrosive gas used by membrane formation equipment or the etching 
system, they can be suitably used as a ceramic object 2. Especially the nature ceramics of high grade 
alumimium nitride whose purity is 99.8% or more Since there is almost no grain boundary into a 
sintered compact and it excels in plasma-proof nature, when a corrosive wear is intense, are the optimal. 
Moreover, Y2 03 With the nature ceramics of alumimium nitride contained in 1 - 9% of the weight of 
the range, rare earth oxides, such as Er Since thermal conductivity has 150 or more W/mk in 100 or 
more W/mk and a high thing and has 200 or more W/mk in a still higher thing, while being able to raise 
further soaking-ization of the semiconductor wafer W laid in the exoergic side 4 Time and a cooldown 
delay until it heats to processing temperature can be shortened. 

[0023] moreover ~ as the quality of the material of the resistance heating element 4 laid underground 
into these ceramic objects 2 - the [, such as a tungsten (W) and molybdenum (Mo), / periodic-table ] - 
the [, such as 6a group and Ti, / periodic-table ] -- 4a group's refractory metals, or these alloys ~ 
conductive ceramics, such as WC, MoC, and TiN, can be used further Even if it makes high temperature 
generate heat, they are not disconnected, while they can prevent the curvature of the ceramic object 2 
and breakage at the time of manufacture and generation of heat, since these metals, an alloy, and 
conductive ceramics have a coefficient of thermal expansion of the same grade as the ceramics which 
constitute the above-mentioned ceramic object 2. 

[0024] furthermore, as an electric supply terminal 5 for energizing to the resistance heating element 4 in 
the above-mentioned ceramic object 2 Metals, such as a tungsten (W), molybdenum (Mo), and nickel 
(nickel), and an iron (Fe)-cobalt (Co)-nickel (nickel) alloy can be used. When especially oxidation 
resistance is required, it is good to use nickel (nickel) or an iron (Fe)-cobalt (Co)-nickel (nickel) alloy. 
[0025] by the way, as an exoergic pattern of the resistance heating element 4 laid underground into the 
above-mentioned ceramic object 2 Circular resistance heating element 4a arranged so that a concentric 
circle as shown in drawing 2 (a) may be constituted, in order to heat the circular exoergic side 3 
uniformly, It consists of a straight-line-like resistance heating element 4 which connects ****** radii- 
like resistance heating element 4a, and two edges of circular resistance heating element 4a prolonged in 
a core are set to electrode takeoff-connection 4c. Since right and left can be mostly made into the shape 
of isomorphism even if it cuts in such an exoergic pattern S, then which portion passing through a 
center, the homogeneity of the temperature distribution of the exoergic side 3 can be carried out. 
[0026] In addition, what is necessary is not to be limited only to what was shown in drawing 2 (a) as a 
configuration of the exoergic pattern S, and just to design suitably according to the structure of the 
ceramic object 2, or the configuration of the exoergic side 3. However, when the exoergic side 3 carries 
out a round shape like the ceramic heater 1 of drawing 1 , what has a pattern configuration as shown in 
drawing 2 (b) which has the exoergic pattern S shown in drawing 2 (a) and electrode takeoff-connection 
4c in the outermost periphery is desirable. 

[0027] And according to the ceramic heater 1 of this invention, it is characterized by the difference of 
the maximum of the thickness of each resistance heating element 4 and the minimum value in the 
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cutting plane cut by at least two segments of the above-mentioned exoergic pattern space which pass 
along the central point mostly being less than 10% of the average of the resistance heating element 4 
thickness in all cutting planes. 

[0028] The difference of the maximum of the thickness of each resistance heating element 4 and the 
minimum value in the cutting plane cut by at least two segments of an exoergic pattern space which pass 
along the central point mostly here that it is less than 10% of the average of the resistance heating 
element 4 thickness in all cutting planes For example, while four segments passing through the center of 
an exoergic pattern space cut the ceramic object 2 to eight division into equal parts at intervals of 45 
degrees as shown in drawing 3 , and measuring thickness t of each resistance heating element 4 which 
appears in these cutting planes and calculating the maximum and minimum value The average of 
thickness t of the resistance heating element 4 which appears in all cutting planes is computed. In 
addition, on the occasion of measurement of thickness t, the thickest portion is computed as thickness 
[ of the resistance heating element 4 ] t in each resistance heating element 4. And it says that the 
difference of the maximum of thickness t of each resistance heating element 4 and the minimum value in 
a cutting plane has become less than 10% of the average of thickness t of the resistance heating element 
4 in all cutting planes. 

[0029] thus, from a very small thing, thickness dispersion of the band-like resistance heating element 4 
which constitutes the exoergic pattern S from this invention Thickness dispersion of the band-like 
resistance heating element 4 which constitutes the exoergic pattern S even when the temperature 
distribution of the exoergic side 4 can be made uniform and it produces exoergic nonuniformity from the 
problem on structure locally by ****** etc. from a very small thing Resistance can be easily adjusted 
only by changing the width of face of the resistance heating element 4 in a part with exoergic 
nonuniformity, and the exoergic nonuniformity of the exoergic side 3 can be controlled easily. 
[0030] By the way, first, in order to manufacture such a ceramic heater 1, as shown in drawing 4 (a), the 
ceramic green sheets 2a and 2b of two or more sheets and ... which constitute the aforementioned 
ceramic object 2 are formed. What is necessary is just to fabricate by tape- forming methods, such as a 
doctor blade method, the Czochralski method, a calender, the paper casting method, the paper casting 
method, and the roll compaction method, after carrying out addition kneading of a solvent and the 
and producing a slurry, while the ceramic green sheets 2a and 2b and ... add a predetermined assistant 
component if needed to the aforementioned ceramic powder. 

[003 1] On the other hand, as shown in drawing 4 (b), the resistance heating element 4 carries out 
addition kneading of a solvent and the binder to the powder of the aforementioned metal, an alloy, and 
conductive ceramics, produces a slurry, and forms green-sheet 4 f for resistance heating element 4 with 
uniform thickness width of face for this slurry using tape-forming methods, such as a doctor blade 
method, the Czochralski method, a calender, the paper casting method, the paper casting method, and 
the roll compaction method. In addition, what is necessary is to accustom thickness and just to attain 
equalization by passing between the rolls which have a uniform predetermined gap, when green-sheet 4 ! 
is fabricated by the describing [ above ] tape-forming method and equalization of thickness cannot be 
attained, or when the thickness width of face t is too thick. 

[0032] And the laminating of green-sheet 4* for resistance heating element 4 obtained as shown in 
drawing 4 (c) is carried out on [ of one sheet ] ceramic green-sheet 2h among the ceramic green sheets 
2a and 2b of two or more above-mentioned sheets, and ... In addition, what is necessary is just to carry 
out the laminating of green-sheet 4' for resistance heating element 4 to other ceramic green sheets, in 
laying the exoergic pattern S underground more than two-layer. 

[0033] Next, as shown in drawing 4 (d), after piercing green-sheet 4* for resistance heating element 4 
which carried out the laminating on ceramic green-sheet 2h with the exoergic pattern S of drawing 2 (a), 
and the metal mold which has isomorphism-like heights, the laminating of the remaining ceramic green 
sheets 2a and 2b and ... is carried out, and the green-sheet layered product 8 is manufactured so that the 
above-mentioned exoergic pattern S may be covered, as shown in drawing 4 (e). 
[0034] After performing cutting to the green-sheet layered product 8 and making a flat-surface 
configuration circular the appropriate back, this green-sheet layered product 8 is degreased, and the 
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ceramic object 2 which lays the exoergic pattern S underground and becomes as shown in drawing 4 (f) 
is formed by calcinating at the temperature which can subsequently make various ceramic raw materials 
sinter. 

[0035] And while giving polish processing to one principal plane of the above-mentioned ceramic object 
2, setting the field granularity to 1 micrometer or less by (Ra) in center line average coarseness and 
forming the exoergic side 3 Electrode takeoff-connection 4c of the resistance heating element 4 and a 
hole open for free passage can be drilled in the principal plane of another side of the ceramic object 2, 
and it can have the electric supply terminal 5 in this hole by low material, and can join to it, and the 
ceramic heater 1 of drawing 1 can be obtained by connecting electrically the resistance heating element 
4 and the electric supply terminal 5, respectively. 

[0036] In this way, since thickness dispersion of the resistance heating element 4 which constitutes the 
exoergic pattern S is very small according to the ceramic heater 1 of this invention, if a ceramic heater 1 
is made to generate heat If it can be made to generate heat uniformly and this ceramic heater 1 is used as 
a heater for heating used for membrane formation equipment and the etching system in a manufacturing 
process of a semiconductor device, without producing the exoergic nonuniformity of the exoergic side 3 
Since the semiconductor wafer supported to the exoergic side 3 can be made to generate heat uniformly, 
while being able to form a thin film with uniform thickness width of face or being able to perform micro 
processing to a predetermined precision Since it has covered with the ceramics the resistance heating 
element 4 excelled [ ceramics ] in plasma-proof nature though plasma **(ed) under the halogen system 
corrosive gas, it can be used over a long period of time. 

[0037] In addition, although this operation gestalt explained with the example of the heater for heating 
used for membrane formation equipment and the etching system in a manufacturing process of a 
semiconductor device, the ceramic heater of this invention cannot be overemphasized by that it can use 
for others suitably also as a heater used in various fields, such as heaters for heating, such as a heater for 
ignition of a burning appliance, and a heating device, measuring equipment. 

[0038] (Example 1) The ceramic heater 1 of this invention as shown in drawing 1 , and the conventional 
ceramic heater were prepared, and the experiment which compares thickness dispersion of the resistance 
heating element 4 with the temperature distribution of the exoergic side 3 was conducted. 
[0039] In this experiment, while forming the ceramic object 2 with the nature ceramics of alumimium 
nitride of 99.9% of purity, the tungsten was used for the resistance heating element 4. Moreover, the 
target size of the resistance heating element 4 which constitutes the exoergic pattern S was made into 
thickness tl5micrometer and width of face of 5mm. 

[0040] Specifically, addition kneading of a solvent and the binder was carried out to the A1N powder of 
99.9% of purity, the slurry was produced, and two or more ceramic green sheets of two or more sheets 
were formed in the doctor blade method. 

[0041] A paste is manufactured, and the former -- elegance - the powder of a tungsten — receiving — the 
solvent of a terpineol, and an acrylic binder — addition kneading - carrying out « the conductor for 
resistance heating element 4 - Carry out a laminating to one sheet of the aforementioned ceramic green 
sheet with screen printing like the exoergic pattern S which shows a paste to drawing 2 , and a green- 
sheet layered product is formed, this conductor - To the powder of a tungsten, carry out toluene at a 
solvent, it carries out addition kneading of the polyacrylic-acid ethyl at a binder, respectively, and 
****** produces a slurry. After carrying out the laminating of what formed the green sheet for 
resistance heating element 4 in the doctor blade method to one sheet of a ceramic green sheet, What was 
pierced with metal mold so that it might become the exoergic pattern S shown in drawing 2 was covered 
by the remaining ceramic green sheet, and the green-sheet layered product was formed. 
[0042] And these green-sheet layered products are degreased in nitrogen atmosphere. Subsequently, 
while forming the ceramic object 2 which laid the exoergic pattern S underground by calcinating at the 
temperature of about 2010 degrees C, giving polish processing to one principal plane of this ceramic 
object 2 and forming the exoergic side 3 Two holes which are open for free passage to the resistance 
heating element 3 with a drill were drilled in the principal plane of another side, and each ceramic heater 
1 was manufactured by carrying out low attachment fixation of the electric supply terminal 5 which 
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becomes these holes from an iron-cobalt-nickel alloy. 

[0043] And impressed the frequency of 60Hz, and the alternating voltage of 100 V to each obtained 
ceramic heater 1, the setting temperature of 500 degrees C was made to generate heat, and the skin 
temperature of the exoergic side 3 was measured by the thermostat viewer. The thermometry point was 
made into the point of a-s shown in drawing 5 . In addition, the thermometry point checked the exoergic 
pattern space with the X-ray, and performed it. 

[0044] Next, after measuring temperature, four segments (it passes along the measurement point) 
passing through the center of an exoergic pattern space cut each ceramic heater, and thickness dispersion 
of the resistance heating element 4 was measured by measuring thickness t of each resistance heating 
element 4 which appears in the cutting plane. 
[0045] Each result is as being shown in Table 1. 
[0046] 
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[0047] Consequently, in elegance, it turns out conventionally that remarkable dispersion has the 
difference of the maximum of thickness t of each resistance heating element 4 which appears in a cutting 
plane, and the minimum value in thickness t of 34% and the resistance heating element 4 to the average 
of thickness t of the total-resistance heating element 4. For the reason, 37 degrees C and exoergic 
nonuniformity had the large difference of the maximum and the minimum value in the exoergic side 3. 
[0048] On the other hand, it turns out that, as for this invention article, the difference of the maximum of 
thickness t of each resistance heating element 4 which appears in a cutting plane, and the minimum 
value can reduce sharply thickness dispersion of 1% and the resistance heating element 4 to the average 
of thickness t of the total -resistance heating element 3. For the reason, the difference of the maximum 
and the minimum value in the exoergic side 3 was able to hold down exoergic nonuniformity to 7 
degrees C and 20% or less of the comparison article, and was able to raise the temperature distribution 
of the exoergic side 3 sharply. 

[0049] (Example 2) In the ceramic heater 1 of this invention, thickness dispersion of the resistance 
heating element 4 was made to change intentionally, and the experiment investigated on the same 
conditions as an example 1 about the relation between thickness dispersion of the resistance heating 
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element 4 and the temperature distribution of the exoergic side 3 was conducted there. 
[0050] And since to make the difference of the maximum temperature and the minimum temperature 
into 20 degrees C or less as temperature dispersion of the exoergic side 3 in recent years was desired, the 
case of 20 degrees C or less was evaluated as generation of heat being good. 
0051] Each result is as being shown in Table 2. 
[0052] 
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[0053] Consequently, it turns out that temperature dispersion of 10% or less, then the exoergic side 3 is 
made by the difference of the maximum of thickness t of each resistance heating element 4 which 
appears in a cutting plane, and the minimum value with 20 degrees C or less to the average of thickness t 
of the total-resistance heating element 3. 



[Translation done.] 
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